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Introduction
Project Statement
Harmful algae bloom(HAB) is one of the major water crisis that this era is facing in the
whole world. The wide spread green carpet of blue-green algae which is also known
as cyanobacteria is polluting the water bodies of our rivers and lakes, threating our
water sources, aquatic ecosystem and our community spaces. The most significant
reasons for the formation of these iridescent mats over the surface of the water
bodies are heavy loads of phosphorous and nitrogen and warm water temperature.
In spring, heavy storm events wash a pulse of nutrients off the surrounding region of
fertilized farmlands and sends it down to tributaries and rivers and to bigger water
bodies such as lakes and oceans. This is happening in the Maumee River Watershed,
located in between the states of Ohio, Michigan, and Indiana. 2.8 million acres of
agricultural land, out of 4.2 million acres of the whole watershed, is sending 2,630 tons
of phosphorous and nitrogen into the Maumee River, which converts to 80% of the
phosphorus loadings that enter the western mouth of Lake Erie. The thesis focuses on
this region and investigates to understand how the water moves from land to the river.
The history of the Maumee River watershed suggests a direction towards the solution
of this issue and how it could be applied throughout the whole region.

Background
The Maumee River is a 130mile long river that starts from Fort Wayne, Indiana at
the confluence of the St. Marys and the St. Joseph Rivers which flows into Lake
Erie. St. Marys, St. Joseph, Auglaize, and Tiffin river are the four major rivers that
flow into the Maumee river and in total there are about 100 tributaries that flows
into those four rivers. The river was the main drinking water source and the way
for transportation since the 17th century. There are 17 water treatment plants in
the Maumee river basin. However, due to the development of treatment plants
and utilization of fertilizers in agricultural practices since the 19th century led
to high phosphate levels of the river due to ruthless sewage disposals. This has
caused Harmful Algal Bloom (HAB), which is the bloom of blue-green algae that
potentially contains toxins. Due to HAB, the water sources of more than dozens
of surrounding communities are being negatively impacted. Especially, the city
of Toledo, Ohio which is located at the southern end of the Maumee bay and the
western mouth of Lake Erie, has been and currently is going through a water crisis
from collecting all the toxic algae that accumulated from all the tributaries that
flows from the west.

Objectives
· To understand the biological formation process of
cyanobacteria and how it evolves into Harm Algae
Bloom(HAB).
and how it impacts the water bodies.
· To understand the history of the Maumee River.
Watershed and how it triggered the Harmful Algae
Bloom(HAB).
· To understand underdrainage system that got established
in the 19th centuries and how the water delivers the
nutrients to the river.
· To understand the current practices of constructed
wetlands and performs to decrease the amount of
nutrients flowing into the river.
· To understand how the historical remnents of the under
ground pipes could be used with the new wetland
systems in order to filter the water before it goes out to
the river.

Proposal and Goals
The purpose of the thesis is to understand the significance
of the Harmful Algae Bloom issue and to apply landscape
design strategies in agricultural farmlands and bring in
wetland systems. The newly applied wetland system will
function as a new kidney that filters the nutrients of the river
and consequently mitigate the occurence of the Harmful
Algae Bloom(HAB).

Rationale
Being aware of global temperature increase, population
growth and high demands of food supplies that follow, it
is clear that HABs are not going disappear but rather get
worse. Therefore, considering how to mitigate this issue
now will bring positive impact to our water bodies which
will not only save the aquaculture ecosystem but also our
drinking waters, commercials, community spaces in the
future time frame.

(Credit: https://e360.yale.edu/features/the-science-and-art-of-restoring-a-damaged-wetland)

Thesis Question
How could landscape strategically contribute
to the collection and filtration of the nutrients
that get transported in the river and introduce a
new wetland system in the farmlands that utilize
existing underdrainage systems and introduce a
new paradigm of agricultural practice that could be
applied in the future and eventually mitigate the
Harmful Algae Bloom issue?

(Credit: https://www.folio.ca/the-original-sunscreen-iron-silica-particles-unlock-part-of-themystery-of-earths-oxygenation/)
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(Credit: https://hiveminer.com/Tags/cyanobacteria%2Ccyanobakterien)

Harmful Algae Bloom(HAB)
Definition of Cyanobacteria
Cyanobacteria have been around for a very long time. They are also known as the blue green
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Fig. 1
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green algae are distinctive from any other algae more in that it has two necklaces to collect
light. Having the ability to make chains doesn’t make it to be a multi-cellular organism. They

Nitrate (NO3)

to plants. It is not a nutrient for plants, so they don’t except it that way. Therefore, basically

what they can except is ammonia(NH2). They particularly enjoy when ammonia is broken
down. They also can’t use NO2 as much either. Each time there are different types of bacteria
that breaks it down. That bacteria turns NO2 into NO3 which is nitrate and that plants do
enjoy and can grow off of. Most plants cannot except nitrogen but some cyanobacteria can.
Technically, cyanobacteria don’t need nitrogen. However, the reason that they love it when we
put extra nitrogen is because it takes a lot of energy for them to take it from the air. It takes a
lot of work, so they prefer not to. Therefore, if they can take it from the water, they would
definitely take an advantage of it. However, if they can’t take it from the water, then some of
them can take it from the air but they will grow much slower. They will never bloom from
getting nitrogen from the air because it takes up a lot of energy. Figure 1. shows the natural
nitrogen cycle in the environment.
Cyanobacteria can also take nitrogen from the atmosphere and turn it into a usable form.
(nitrate) but they prefer not to because it takes up a lot energy. They prefer to find it in the
water. If there isn’t enough Nitrogen coming in from the water, they will spend their energy
and they will get it from the atmosphere. The gas provides oxygen and they work better with
oxygen. So, they were just giving all the oxygen they needed so that they could make this
process happen and remove nitrogen. You can’t go from ammonia to nitrite without oxygen. It
took off the 4 hydrogens and it put on an O2. The stages are pretty oxygen intensive.

Cyanobacteria vs. Other Algae
The mechanism that plants need in order to collect sunlight is pigment. Most plants use
chlorophyll which is a green pigment. Most algae have one type of light harvesting system
which is also chlorophyll and that is how they get their light. Cyanobacteria have two
mechanisms which are blue and green so that makes them affective. However, maintaining
their light harvesting systems is costly in terms of their protein and nitrogen requirements. It
means in order to maintain their life harvesting systems, they burn through protein and
nitrogen like crazy. This is why cyanobacteria are so hungry for nitrogen. They really need it
more than other types of plants. Nitrogen is important for making protein. Plants don’t take in
nitrogen because they like nitrogen. They take it because they need it to build protein. Human
waste has a lot of ammonia in it because that is what happens when we break down proteins
17
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Urban Fabric & Farmland

High Temperature + Warm Water &
Nutrient Mixing

Nutrient Loading from Surface Runoff & Ground Water Infilltration

Oxygen Depletion & Dead Zones

Harmful Algae Bloom
Fig. 2.1

after when we eat and metabolize. This is how we get rid of the extra nitrogen that was in
them. That is why nitrogen is a great nutrient for plants because they use it to build proteins.
Because it has an extra protein requirement, it means that it needs more nitrogen than
phosphorous. This is what makes cyanobacteria different from all of the different algae and
also nitrogen hungry. Other important thing to note is that they can make their own sugars. All
they need is air and light. But they cannot make their own nitrogen except for few of them.
But mostly they prefer to get nitrogen from the water and suck it up. Another major difference
is that they produce toxins. These toxins not just kill animals but also humans. The toxins are
not produced from the photosynthesis process. In fact, the purpose of the cyanobacteria toxin
production has not been proven yet. However, another interesting thing is that cyanobacteria
have toxins in their bodies, but they don’t get into the water until the bacteria break apart,
either when they die, or something cuts them.
18

Definition of Harmful Algae Bloom
Harmful Algal Bloom (HAB) is basically the overspreading of the cyanobacteria in water. The
problem with this phenomenon is that cyanobacteria produce toxins and when they dead off
from the surface of the water, they die off and drown down into the water releasing the toxins.
As a result, they deplete the oxygen in the water and create dead zones which threatens not
only the marine life and water plants but also us and our drinking water. So, how does this
happen and what triggers and aids HAB would be the question. Like it is mentioned from
above, cyanobacteria love nitrogen but another nutrient that they love is phosphorous. HAB
happens to occur more often when more capacity of industrial, agricultural, and residential
waste water inflow to the river is at a high level. These inflows come from both surface runoffs
and the ground. The reason why the occurrence of HAB is more significant when there is high
inflow of waste water is because it contains a high level of nitrogen and phosphorous. Figure 2.
occurrence. Nitrogen and phosphorous are really water soluble. So, they easily move through
the ground water and don’t get stuck. If water can make it, so can they. If there is drought, then
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and especially warm temperature. There are two ways of how the water gets warm. One is

IA
D TER
EA
D BAC ING
O N
N W
YA O
C DR
Dead
Zones

GROUND WATER

NUTRIENT
MIXING

concentration of exposed sunlight and the other is the warm atmosphere warming up the water.
Either way, it encourages the growth of cyanobacteria because it creates a stratified water layer
which they love.

Nitrogen
Phosphorous

Fig. 2.2

Stratified Water
Stratified comes from the word strata which means layers. So, the water is in layers. In the winter
the whole thing is cold. The top might be a little less cold, but it is hardly noticeable. As spring
happens, the sun starts to really heat up the surface layer, but the bottom stays cold. Warm
water is less dense than cold water. So, if it is less dense and is on top, it is not going to want to
mix. The top layer gets less dense and stays on top. In the summer, the top layer gets warm and
19
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there it shows again this really distinctive stratification. In the fall, it starts to cool down a little
bit. In the bottom, it is warm, and the top is starting to cool leading to no stratification anymore.
So, stratification is basically making of layers of water usually due to temperature because warm
water is less dense. Another reason is due to river water, which is fresh water coming in from the
top, it is going to stay on top for a while until it mixes. However, imagine the river water coming
in the summer where the water is already stratified. The fresh water isn’t going to mix because
the top layer is not just warmer but also fresher which makes it less dense and lead to extreme
stratification. Phytoplankton needs sunlight and available nutrients. Nutrients tend to be at the
bottom, but they get mixed in. In spring, you get a good bloom of plankton because it’s got
some nutrient rich water from the winter but now all those plankton are held in that top area
where the light is. They are not getting mixed down where it is too dark. By summer, it is really
stratified but they’ve used up all the nutrients. The chart is assuming that the water is open
ocean where nutrients are in the cold bottom water. But in this particular case the nutrients are

Temperature
Scale (Cº)
20

not in the cold bottom water. The nutrients are coming in with the river. So now the nutrients are
also stuck in the top layer. So, you can have blooms in spring and summer. The main thing about
the stratification is that the plankton get stuck in that little top area. Traditionally, they run out of

10

nutrients by the summer but if you are still adding them in into that nice top surface water, they
don’t have runout. They can continue to bloom all summer. Any type of algae works the same

0

WINTER

SPRING

SUMMER

way.FALL
Figure 3. shows the different concentration levels of water stratification columns by
different seasons.
Another thing that could lead to stratification is fresh water coming in on top like an estuary and
salty water on the bottom because salt makes the water denser. So, if you have salt and cold
water it is never going to mix. As a result, the stuffs on the top stays on the top which is good
because it wants to stay where the sunshine is. A well-mixed water column will send some of
those bacteria down deep where they don’t get sunshine and they won’t do as well. But in the

SPRING

20

SUMMER

FALL

stratified it keeps them all in the sunny layer because the stuff is either warmer or fresher or

Fig. 3

both. So, it is kind of like a set apart layer.

Cyanobacteria North America Concentration
Cyanobacteria, especially cyanobacteria that produces toxins tends to appear in sites where
nitrogen and phosphorus get concentrated. The concentration of these nutrients depends the
location of farmlands, urban, and residential areas but also highly on the direction of the flow of
the water, water penetration levels of soils, flood plain and temperature. Regularly, majority of
the nutrients come from farmlands and the digrams below shows the relationship between
farmlands and cyanobacteria concentration levels in North America. The overlap of these two
diagrams shows that north central part of North America is where it has the highest potential of
HAB’s. Among the potential areas, the Maumee River basin is known to have HAB issues
through out many years.
a.

b.

c.

d.

a. Blue Green Algae Concentration in North America
b. Agricultural Land in North America
c. Agricultural Land & Blue Green Algae
Concentration Overlay
d. Maumee River Watershed Water Location

21
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Maumee River Watershed
History of Maumee River Watershed
The history goes back 200 years ago and stretches until today. In the past, the Maumee River
Watershed used to be a swampy wetland with mucky and loamy soil and it was called the
“Great Black Swamp”, which is now northwestern Ohio. The swamp extended approximately
extended about 100miles long and 25 miles wide and covered almost 1,550 square miles of
land. The poor drainage made the land to become a black mucky swamp, which led the land
to be named the “Great Black Swamp.”
When settlers came in during the early 1800’s, they faced many difficulties transporting goods
and even just moving from one place to another due to the deep mucky soil, which led them
to conquer the land and construct ditches for drainage. After five decades of draining, almost
95% of the swamp was cleared and underdrainage systems established which led all the
groundwater out to the river directly. The more drained the lands became and fertile for crop
harvesting and other agricultural practices, the more polluted the water has become and
finally started to bloom in the river bodies in the 1960’s and continuing on until nowadays.
22

Great Black Swamp Historical Map, 1960
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1813

1880

Settlers came in and the Maumee

Drainage development

River was clean enough to catch

thrived and the great

multiple fishes by plunging spears
into the water at random. Also,

wetland trees were felled
and used to build houses,

wildlife flourished in the swamp.

make furniture, and power

However, the soils inland from the

the railroads that sprouted up

streams were too saturated, which

across Ohio.

made it impossible for growing
crops. This led German and English
farmers who settled in the swamp
to dig ditches to channel water
off of their fields.
1600s

1920
After five decades of forest clearing

Malaria had first been carried to

Ohio General Assembly passed by a law

America in the veins of the British

authorizing county commissioners to construct

and land draining since 1870, the

colonists who settled Virginia. Many
of them came from the marshy parts

drainage ditches. Through the new drainage
ditches, it was expected that the Corn Belt

Great Block Swamp was completely
erased and replaced with endless

of England where malaria had been

states would lose more thatn 95% of their native

railroads and farmlands with drainage

endemic since the 15th century.

wetlands. Soon the Great Black Swamp was

ditches that led to the Maumee

People believed the illness was caused

criss crossing with hundreds of ditches. However,

river. Although this created the

by bad air emanating from wetlands.

this wasn’t enough and the farms required

Great Black Swamp to become the

Great Black Swamp’s original state

underdrainage, which is a series of channels laid

most productive farmland on the

where it was a wild expanse of wet

beneath a field that would carry excess water to

planet, it took away the bountiful fish

forest and deep marsh stretching

the nearest ditch.

population and was the starting point

across a million acres.
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1859

of soil depletion and water pollution.

1960s

1990s

The first eutrophication struck in

Due to changes in farm management

Lake Erie as a result of reckless

2015
Lake Erie’s most intense bloom to
date occurred in the summer due

to highly fetilizer-dependent corn and

dumping of city sewage and
industrial waste.

to increasing rainfall and rising
water temperatures in the lake

soybean, the levels of soluble phosphorus,
also known as Dissolved Reactive
Phosphorus, or DRP, began to climb in
the tributaries of Lake Erie which led to
blooms of Microcystis and other kinds
of cyanobacteria annually. Practices
in order to recover the wetlands and
water quality, constructed wetlands were

1970

created and researched by William Mitsch,
Wetland expert and Professor emeritus at
Ohio State University.

2014

The federal Clean Water Act was signed into

Water supply for the city of

law, which led to construction of new sewage

Toledo, Ohio, was poisoned with

treatment plants and upgrade of old sewage
treatment plants. Also, phosphate-based

cyanobacterium, which thrives in
warm water containing heavy loads

detergents, which once contributed 50% of

of phosphorous and nitrogen. Over

of the phosphorus pollution in the lake, were

500,000 residents in the area were

banned. The clean-up effort led to a revival

without drinkable tap water for a

of Lake Erie which allowed fish population to

number of days.

rebound and algae blooms to fade away
during 1980s and early 1990s. However, due
to non-point sources such as runoffs from farm
fields and city streets, algae blooms have
returned with vengeance.
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Maumee River Watershed Analysis + Mapping
Investigation of the regional scale of the Maumee River Watershed aids to understand the
relationship with the historical Great Black Swamp, farmland areas, municipalities, Maumee
River, tributaries, Lake Erie. Also, the research supports in understanding how much the
Defiance County, Ohio is located at a critical location. Defiance is the first point where all the big
tributaries, St. Mary, St. Joseph, Tiffin, and Auglaize river, meet and leads all the nutrients to get
concentrated in this region.
a.

b.

MICHIGAN

MICHIGAN

Lake Erie

Lake Erie

Great Black Swamp

OHIO

OHIO

INIANA

a. Historic Great Black Swamp Location
The surface area of the Maumee River watershed is
8,316 sqmi and it is within Ohio, Michigan, and
Indiana and more than 60% of the land use to be the
Great Black Swamp.

INIANA

c.

d.

b. Maumee River Watershed Farmland areas
Over 70% of the land is use for agriculture and they
are used for crop harvesting and breeding live stocks.
MICHIGAN

c. Maumee River Watershed Municipalities
Three major cities which are Toledo, Defiance, and
Fort Wayne are adjacent to the Maumee River.

Toledo

Defiance

d. Maumee River Watershed Water Flow Direction
There are 4 major rivers in the Maumee river
watershed which are St. Joseph, St. Marys, Tiffin, and
Auglaize. Each of the rivers have multiple branches
of tributaries that adds up to more than 100. All of
the tributaries and major rivers flow into the Maumee
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Location of Defiance County
in Maumee River Watershed
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4.2 million
2.8 million

Maumee River Watershed is
acres and

$11.2 BILLION

/yr

travel + tourism revenue

$1.5 BILLION

is
generated in federal, state, and local
taxes, supporting more than

117,000

Only

acres are agricultural

jobs

80%

3% 5%

to
of Maumee River
water enters into Lake Erie

40%

7 MILLION

/yr

tourists for wildlife watch, fish, hunt,
and for other recreational activities

reduction
=Phosphorous loadings less than

1,600

10%

Reduction of Total Phosphorus by
in the Maumee River Watershed

263

= Reduction of
tons of Total
Phosphorus/yr

metric tons/yr

Maumee delivers
of the
phosphorus loadings that enter Lake
Erie which is the largest among the
water bodies

40%

reduction of
Phosphorus loadings that flow
into the Lake, via Maumee River,
would return HABs to their historic
occurence rate

International Joint Commision(IJC) stated
that the US government should commit to a

10%

goal of a
increase of coastal
wetlands in the Western Lake Erie Basin by
2030
= Increase of

2,600

acres of wetland

Maumee River Watershed & Wetland Relationship
The significant numbers show how much this is a critical issue in the Maumee River Watershed.
Various numbers of commercials, jobs, and revenue are linked to this issue. Since the issue has
become emergingly critical regionally, government officials and international organizations
have been seeking for solutions and concluded that coastal wetland performances are
necessary and urgent.
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a.

d.

b.

a. Harmful Algae Blooms due to industrial, residential,
and urban wastewater and surface runoff.

c.

b. Harmful Algae Blooms due to surface runoff and
ground water infiltration of fertilized farmlands, which
transports high volume of nutrients containing large
proportion of phosphorus and nitrogen.
c. Harmful Algae Bloom is threatening the ecosystem
of the aquaculture in the river due to oxygen
depletion caused by the bloom. The dead
cyanobacteria drowns to the bottom of the river and
depletes oxygen, which eventually create dead zones.
d. Nutrients travel down the tributaries and rivers and
arrive at the mouth a Lake Erie and spreads out to the
open water.
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(Photo: Google Maps)
30

PHASE 2

: Design Proposition
and Spatial Projection

31

HAB Mitigation: Wetland Restoration in Farmlands

900

850

800

750

700

650

600
550

500

Defiance County + Maumee River Mapping
Defiance County Soil Distribution & Water Table
Soil plays an important role in this investigation because the character of the soil detemines
how the water moves underground. The defiance region soil is composed of glacial deposit
and because of that, the great black swamp was able to form and eventually develop fertile
soils that became the base of the farmlands today. Across the county, the character of soil
differs on how much water it carries, but overall, the soil contains loamy soil on the upper
layer and the water moves through it.
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Potential Area of Study
Lands adjacent along the corridors of the Maumee river
and tributaries were selected for further investigation.
The groundwater that enters the river are mostly from

Glacial deposit of sand and gravel,
fine sand and thick layers of clay

Limestone aquafier beneath

Thin lenses of sand and
gravel beneath thick
layers of fine and silty clay

the land adjacent to the water body. Therefore, futher
studies of the landuse adjacent to the rivers were
necesary and crucial.
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F
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F’

E

B
E’

B’

C

D

C’

D’
N
0

0.125

0.25mi

Maumee River Transect
The study area of the Maumee River transect is approximately 15 miles long and the
investigation focused on the six categories of landuses of the lands adjacent to the Maumee
River, which are “Farmland”, “Industrial”, “Urban”, “Residential“, “Grassland”, and “Forest”.
From this study, it was visible to see how the lands were transporting the water to the river not
only as ground water but also as storm water surface runoff. Also, the inestigation made it
able to identity that farmlands were the mostly deployed lands across the corridor of the
Maumee River and that it were the lands that had the most impact to the river.
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a.

b.

c.

d.

e.

f.

a. Farmlands
b. Industrials

Tiffin & Auglaize River Transect

c. Urban
d. Residential

The Tiffin and Auglaize River transect is approximately 17 miles long and the same

e. Grasslands

investigation was done as the Maumee River transect. The proportion of the landuse of the

f. Forests

adjacent lands of the Tiffin and Auglaize rivers were similiar and the most were farmlands also.

Landuse Sections
After getting to know the landuse of the lands adjacent to the river, it was necessary to do
section investigation of each and understand how the water moves on the surface and
underground. The sections show the scale of each lands and how much potential it has for
transporting the water to the river regularly and also during flood seasons.
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a.

b.

c.

N
0

0.25

0

d.

N

N

0.5mi

0.25

0

0.5mi

e.

0.25

0.5mi

f.

N

N

N
0

0

0.25

0.25

0.5mi

0

0.5mi

0.25

0.5mi

a. Farmlands
b. Industrials
c. Urban
d. Residential
N
0

0.25

e. Grasslands

0.5mi

f. Forests
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Underdrainage pipes directly lead the nutrients to the river

Waste Water Underground Flow (to watertreatment plant)
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100yr Flood

Farmland A’-A”
Fertilizers used in farmlands are high in nutrients
Nutrient Runoff Flow

especially in Nitrogen and Phospherous which are the
main cause of HAB. They travel through groundwater

Nutrient Groundwater Flow

and stormwater runoffs and flow directly into the water.
The farmlands vary in crop harvesting and animals.
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100yr Flood
Storm Water Runoff Flow

Industrial B’-B”
The 500 acre land is being occupied as metal
management facility and water pollution control plant.
The floodplain doesn’t reach up to the site but during
heavy storms there is a high chance of waste water
flowing into the river as ground water and stormwater
runoff.

0

25

50ft

39

HAB Mitigation: Wetland Restoration in Farmlands

Waste Water Underground Flow (to watertreatment plant)

Waste Water Underground Flow (to watertreatment plant)
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100yr Flood
Storm Water Runoff Flow

Urban C’-C”
Urban areas adjacent to the river that are in the 100 year
floodplain have a high chance of flowing heavy nutrient
composed water into the river as stormwater runoff.
Ground water inflow is not that much of an issue.
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100yr Flood
Storm Water Runoff Flow

Residential D’-D”
Fertilizers used in farmlands are high in nutrients
especially in Nitrogen and Phospherous which are the
main cause of HAB. They travel through groundwater
and stormwater runoffs and flow directly into the water.
The farmlands vary in crop harvesting and animals.
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Waste Water Underground Flow (to watertreatment plant)

Nutrient Groundwater Flow
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100yr Flood

Grassland E’-E”

Nutrient Runoff Flow

There are many grasslands that are adjacent to the river.
The grasslands functions as a very effective filter for
high nutrient water to not travel to the river as ground

Nutrient Groundwater Flow

water and sform water runoff. However, during heavy
storm events, ground water runoff is innevitable.
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Nutrient Runoff Flow

Forest F’-F”
Forest areas are the most effective area for stopping the
nutrients from traveling. Even though they are adjacent
to farmlands the vegetations in the forest areas
functions as a good filter the absorbs the nutrients.
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PHASE 3

: Design Development
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Case Studies
Before going into the design process, it was necessary to understand how current practices
were utilizing the wetlands in order to filter the water and the scale that they were operating
at. The three case studies of “Maumee Bay State Park Wetland”, “Olentangy Wetland
Research Park”, and “Everglades Agricultural Area STA” showed how the wetlands should
constructed in a particular scale and elements with distinctive character. Also, through the
investigation, it able to know the performance of the wetlands and how a particular scale
wetland can filter the nutrients. Moreover, there were similar characteristics between three
wetland systems, which showed what elements are necessary and crucial in order to operate
the wetland system. The case study guided the new wetland design to apply the
performances that the three wetlands have and embed it with the existing underground
drainage pipes.
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(Lime Stone)

Pump water to
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Case Study 1: Maumee Bay State Park Wetland

| Oregon, Ohio 2014 |

8 acre pilot wetland system at Maumee Bay State Park’s Cedar Point Road entrance.
The system uses natural biological processes. During seasonal floods, high water will
overflow onto the wetland, when the water is low, it may be pumped. The wetland
is designed to capture sediment, bacteria, and nutrients during fluctuations in flow.
Wetland plants capture bacteria and consume nutrients. Water gradually filters through
the soil and this naturally breaks down several types of pollutants. When water recedes,
the wetland plants and sunlight trap and kill bacteria. The deep-rooted native plants
prevent erosion.
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Pump water to
upper wetland

Case Study 2: Olentangy Wetland Research Park

| Columbus, Ohio 1994 |

30 acre site at Ohio State University where they have 2 experimental wetlands and 1 oxbow for research purposes. The water that enters the wetland from the Olentangy River
is pumped up through water pump system. The water that enters the oxbow flows naturally via gravity. Both waters leave as surface flow into the swale and then the swales
take the water back into the Olentangy River.
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Case Study 3: Everglades Agricultural Area STA

Impervious
Liner

| Clewiston, Florida 1996 |

57,000 acre site at the south of Lake Okeechobee. It is consisted of STA-1E, STA-1W,
STA-2, STA-3/4, STA-5/6. The largest among the five, STA-3/4 is approximately 16,000
acres, which is recorded as the largest constructed wetland in the world. All the STAs use
“green” technology applying Emergent Aquatic Vegetation(EAV) cells and Submergent
Aquatic Vegetation(SAV) cells to remove phosphorus from the water. Through this
process, phosphorus concentration level decreased from 170 parts per billion(ppb) to
10ppb.
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The site area is approximately 100 acres and is located adjacent to an oxbow of the Auglaize
River. The original site is a soy bean farmland with a riparian zone at the edge. The highest
point of the site, which is at the southend, is 34ft above the water level and and lowest point
of the site, which is at the northern end, is 6ft above it. The master plan is a new wetland
design in the farmland site which utilizes engineered pump systems, vegetated channels, and
treatment wetlands. The river water gets pumped up at the south end of the site through the
engineered pipe system to a river water containing basin and tranports the water to a 5 foot
wide vegetated channel which branches out into multiple. The vegetated channels filters the
water as it moves down and finally enters the treatment wetlands. The treatment wetland is
divided into three cells. The first cell is the containing cell and the second cell is the Emergent
Aquatic Vegetation cell and the last is the Submergent Aquatic Vegetation cell. Then finally
the filtered water gets sent back to the river whic consequently contribute to the overall
improvement of the water quality of the river.
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Riparian Buffer Zone

Pump system transports the nutrient loaded water to the
connected upper basin
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Vegetated
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Channel

Channel

Vegetated
Channel
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34’

Pumped Up Water Containing Basin

The river gets pumped up to the river water containing basin which is at 34ft above water
level and transports the water through the vegetated channel. The dept of the basin is
about 8ft deep and is capable of containing up to approximately 20,000ft³.
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Vegetated Channel

Vegetated Channel

Pumped up water from the river enters the
basin and from the basin, the water moves
through the vegetated channels and sublayer pipes and enters the Stormwater Treatment Area(STA)
Vegetated
Channel

Vegetated Channel

Pumped Up Water
Containing Basin

The water gets filtered as they get transported down the soy bean farmland. The channel
branches out into mutiple and leads down to the treatment wetlands. People who visit
the could use suggested pathways to walk on the site and see the water movement.
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SoyBean Field

Underground Connection Pipe

Vegetated Channel

Filtered water gets sent to
the river through existing
underdrainages
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Sub-layer pipes sends the water from the
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The water finally reaches the treatment basin and gets filtered through the EAV cells and
SAV cells. After the final filtration, the water lastly gets transported through the
vegetated channels which drains the water down to the existing underground pipes and
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Conclusion
Final Assessment + Future Projections
This thesis shows a prototypical wetland design and suggests how

disciplines who have been doing research about this issue and

current agricultural practices could be modified and contribute to the

acknowledge that this is a landscape scale issue and that we need to

mitigation of the Harmful Algae Blooms(HAB). The objectives of the

bring back the wetlands which flourished and functioned as a natural

thesis were mostly covered but there are many more questions that

kidney of the river back in the 1700’s. It was interesting to know that

need to be answered. Such as the maintenance of the new system,

this is a fact and led me to think that this would make the thesis

engineering techiniques, new wetland system operation time frame

significantly meaningful. A landscape design that functions as link to

and results, farmland maintenance, conditions of the wetlands in

bringing back the historical conditions of the site which potentially

different seasons, cons of the new wetland system and solution for it,

could lead to resolving this water pollution issue. This led to designing

funding etc. Because this issue goes beyond regional scale, there were

the new wetland system in the farmlands. However, as much as the

limitation of understanding and taking this thesis more into dept.

intentions and strategies are planned, the design itself must be

However, I think this was a great opportunity for me to learn and

supporting all that which is not doing now. In the future, I hope this

interpret about the Harmful Algae Blooms and landscape strategies

thesis good basis for other researchers or landscape architects who are

and methods that could potentially mitigate this issue. Researching the

interested in finding solutions for the Harmful Algae Bloom issue and

origin of this issue and understanding the biological processes

hopefully develop a new strategy that could be applied in the real

cyanobacteria and how they develop into harmful algae and how they

scale.

pollute the water was an interesting investigation prior to doing the
design. I think this part of the thesis significantly enriched the whole
outcome. Plus, getting into the history of the Maumee River Watershed
became the key for the design strategies and ideas. Also, it was
interesting to know that there are many professionals from other
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